The antifungal antibiotic flavensomycin inhibited the oxidation of amino acids and of glucose by Penicillium oxalicum. The compound inhibited L-amino acid oxidase (EC 1.4.3.2) activity for L-leucine and L-phenylalanine, and also D-amino acid oxidase (EC 1.4.3.3) in the oxidation for DL-alanine. The addition of flavin adenine dinucleotide, which is a cofactor for this enzyme, antagonized the action of the antibiotic. Glucose oxidase (EC 1.1.3.4) was also inhibited. Previous studies on the antifungal action of flavensomycin showed that the antibiotic interfered with the respiration of carbohydrates and of succinate by Penicilliun oxalicum. Mitochondrial respiration of reduced nicotinamide adenine dinucleotide (NADH2) and succinate was prevented; the blocked step was the transfer of hydrogen in the terminal electron system from the substrates to coenzyme Q (CoQ). Some other enzyme steps in the system were unaffected (5). The data indicated an interference with the transfer of electrons on the flavoprotein level. One disturbing fact was the observation that the concentrations which were needed to prevent the oxidation of substrates by mitochondria were much greater than those needed to inhibit the growth of the fungus. This discrepancy raised the possibility that other flavoprotein mediating systems were also affected by the antibiotic. Furthermore, it was possible that even nonflavoprotein nucleotide-requiring systems might be affected, es-1 Present address: Kaken Chemical Co., Ltd., Honkomagome, Bunkyo-ku, Tokyo, Japan. pecially those in which these cofactors acted as hydrogen carriers. The investigations reported in this paper describe the effects of flavensomycin on such respiratory enzyme systems.
Previous studies on the antifungal action of flavensomycin showed that the antibiotic interfered with the respiration of carbohydrates and of succinate by Penicilliun oxalicum. Mitochondrial respiration of reduced nicotinamide adenine dinucleotide (NADH2) and succinate was prevented; the blocked step was the transfer of hydrogen in the terminal electron system from the substrates to coenzyme Q (CoQ). Some other enzyme steps in the system were unaffected (5) . The data indicated an interference with the transfer of electrons on the flavoprotein level. One disturbing fact was the observation that the concentrations which were needed to prevent the oxidation of substrates by mitochondria were much greater than those needed to inhibit the growth of the fungus. This discrepancy raised the possibility that other flavoprotein mediating systems were also affected by the antibiotic. Furthermore, it was possible that even nonflavoprotein nucleotide-requiring systems might be affected, es-pecially those in which these cofactors acted as hydrogen carriers. The investigations reported in this paper describe the effects of flavensomycin on such respiratory enzyme systems.
MATERIALS AND METHODS
The medium, cultural conditions, and procedures for harvesting whole cells of P. oxalicum were the same as described in the previous paper (5 
RESULTS
Flavensomycin at a concentration of 10 ,g/ml completely inhibited the oxidation of amino acids by P. oxalicum, and the amount of inhibition was proportional to the concentration of the antibiotic. The oxidations of L-leucine and L-phenylalanine by amino acid oxidases from hog kidney were inhibited by flavensomycin at 100 ,ug/ml (Table 1 ). The inhibition was greater when the pH was 6.2 and 6.7 than at higher values. Oxidation of the DL-alanine with D-amino acid oxidase could also be prevented by the antibiotic ( Table 2 ). The D-amino acid oxidase required the addition of flavine adenine dinucleotide (FAD) to the reaction mixture for oxygen consumption to occur, whereas L-amino oxidase did not require an exogenous source of this cofactor. FAD was antagonistic to the inhibitory action of flavensomycin; at flavensomycin concentrations of both 50 and 100 ,Ag/ml, the inhibition of DL-alanine oxidation by the oxidase decreased with increasing concentrations of FAD ( (Table 3) . At low levels of cytochrome c, 200 Mug of antibiotic per ml completely inhibited the electron transfer to the acceptors (Table 3) , but, as the (Table 4 ). The reduction of cytochrome c also occurred in the absence of the enzyme but at a much slower rate. Even this nonenzymatic reaction was increasingly inhibited with increasing concentrations of antibiotic (Table 5) .
When flavensomycin was allowed to react with aminomethane buffer (pH 8.0), 0.05 ml; FLMph, 0.5 ml, 10 mg/ml; oxidized cytochrome c, 0.02 ml; 1 mm NADH2, 0.2 ml; and water to 1 ml. Enzyme and cytochrome c were preincubated with FLM-ph for 10 min, and then NADH2 was added. After these mixtures had been kept at room temperature for 12 min, the reduced cytochrome c absorption spectrum was measured. a Reaction system: 0.025 M tris(hydroxymethyl)aminomethane buffer (pH 8.0), 0.1 ml; FLM-ph, 0.5 ml; 5 mg/ml of cytochrome c, 0.04 ml; 1 mM NADH2, 0.4 ml; and water to 1.0 ml Enzyme and cytochrome c were preincubated with FLM-ph for 10 min; then NADH2 was added. After the reaction mixtures had been kept for 12 min at room temperature, the reduced cytochrome c absorption spectrum was measured.
reduced cytochrome c in an enzymatic system, the oxidation of the reduced cytochrome c was stimulated in order of increasing antibiotic concentration, as shown by the changes in the major visible peaks of the cytochrome at 418, 521, and 550 mp, (Table 6) . With a flavensomycin concentration of 200 pg/ml, more than 85% of the reduced cytochrome c was oxidized within 30 min. This oxidation was thus much more rapid than the nonenzymatic reduction of the cytochrome by NADH2.
The reduction of cytochrome c, which is catalyzed by yeast lactic dehydrogenase, was also inhibited. A concentration of 200 Ag/ml was required to prevent completely the reduction of cytochrome c in this system. Increasing the concentration of the cytochrome decreased the inhibition of flavensomycin (Table 3) .
L-Lactate dehydrogenase activity, with NADH2 as the hydrogen donor and pyruvate as the acceptor, was readily inhibited by flavensomycin, and the amount of inhibition followed an antibiotic concentration gradient ( a Reaction system: 0.025 M tris(hydroxymethyl)aminomethane buffer (pH 8.0), 0.1 ml; FLM-ph, 0.5 ml; 5 mg of oxidized cytochrome c (for blank) per ml, 0.04 ml; S mg of reduced cytochrome c (for sample) per ml, 0.04 ml; 0.01 Ma, a'-dipyridyl, 0.4 ml; and water to 1 ml. The reaction mixtures were kept for 0.5, 2, and 4 hr at room temperature. 100 100 a Reaction system contained: FLM-ph, 0.5 ml, tris(hydroxymethyl)ammomethane buffer, 0.05 M (pH 7.5), 0.05 ml; 1 mg of lactic dehydrogenase per ml of water, 0.05 ml; pyruvate, 0.01 m, 0.02 ml; water, 0.28 ml; NADH2 1 or 0.5 mm, 0.1 ml. The blank cuvette contained no NADH2. The NADH2 was added to the reaction mixture 5 min after the other components; its final concentration was 0.05 mM.
The basic reaction system contained: 0.69 mg of enzyme protein/ml of 0.05 M tris(hydroxymethyl) aminomethane (Tris) buffer containing 0.1% glycine, 0.03 ml; FLM, 200 ,ug/ml; 0.75% alcohol, 0.5 ml; Tris buffer (0.05 M, pH 7.5), 0.07 ml; 2 mm NADH2, 0.05 ml; 0.113 or 0.193 M acetaldehyde, 0.05 ml; water, 0.3 ml. The blank cuvette had no NADH2. Acetaldehyde was added after the other components were incubated for 5 min; its final concentration was 0.25%.
pletely, but with the flavensomycin phosphate the system was inhibited only 34%. Even 200 ug of the antibiotic solution per ml did not completely inhibit the enzyme. The effect of the antibiotic on the lactic dehydrogenase was competitive with the pyruvate, as indicated by the plot of the reciprocals of specific activity against concentration of pyruvate (Fig. 1) . When this enzymatic reaction was run in the reverse direction, with lactate as hydrogen donor and NAD as the acceptor, the antibiotic decreased the reduction of NAD only 20% even at 200 ,g/ml.
The inhibition was not greatly affected by varying the NAD and lactate concentrations.
The inhibition pattern of flavensomycin on alcohol dehydrogenase was similar to that on lactate dehydrogenase. The oxidation of ethyl alcohol and reduction of NAD was decreased VOL. 94, 1967 only 30%, but the reverse reaction involving the oxidation of NADH2 was completely prevented at a flavensomycin concentration of 50 jig/ml ( 
